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WATER QUALITY CONDITIONS IN TORONTO HARBOUR 
MEASURED BY RECORDING CHEMISTRY METERS 1975-76 

SUMMARY 

Digitally recording water chemistry meters have been operated 
at the Eastern and Western Gaps and the Keating Channel as 
well as an internal point within the Inner Toronto Harbour. 
The meters recorded temperature, dissolved oxygen, pH, 
conductivity and either chloride, turbidity or redox potential 
at intervals of 20 to 60 minutes over several months in each 
of 1975 and 1976. The purpose of the monitoring system is to 
provide continuous data for input to the numerical models of 
currents and water quality being used in the harbour, as well 
as surveillance of the variations and extreme values. 

For most periods of operation, the two gaps and the Inner 
Harbour were characterized by constant conditions with 
standard deviations for most parameters being 2 to 5% of the 
mean, and time-series periodicities being irregular or 
absent. Several exceptions to this condition were noted in 
the Eastern Gap; these were found in some cases to be related 
to meteorological conditions such as wind and rain, and in one 
instance also to water quality conditions as measured in the 
Keating Channel. In contrast to this, large and rapid 
variations in water quality were observed at the Keating 
Channel. Variable correlation was observed with Don River 
streamflow; for example, two episodes of increased flow in the 
Don River were accompanied by opposite changes in conductivity. 

The average percentage data return for the period of operation 
was 45 to 85%. Most of the system failures could be 
attributed to clogging of the equipment by suspended mud or 
algae, or electronic failure in the digitizers. Improvements 
of the units have since been made to reduce these problems. 



INTRODUCTION 

As part of the overall Toronto Harbour and waterfront study, 
digitally recording water chemistry and current meters have 
been operated in 1975 and 1976 by the Lake Systems Unit, Water 
Resources Branch. The purpose of the monitoring program is to 
provide a continuous real-time record of currents and major 
water chemistry parameters suitable for direct input to the 2- 
and 3-dimensional numerical models of currents and water 
quality presently in use in Toronto Harbour. In addition, the 
monitors provide a surveillance of present conditions 
including their diurnal and seasonal variations as well as 
variations with meteorological conditions and extreme values 
which could be missed during manual sampling. It is hoped 
that the present data will also be valuable in future years to 
indicate the effect of pollution abatement programs underway, 
and to indicate the most beneficial further abatement 
measures . 

The current meter operations form the basis of a separate 
report presently being prepared, and will not be discussed 
further, except for cross-correlation with the water chemistry 
data. 

DESCRIPTION OF METER LOCATIONS AND OPERATING INTERVALS 

As the primary purpose of the Toronto Harbour current and 
water quality meter program was to provide input and 
verification data sets for the numerical model, chemistry 
monitoring locations were selected at the Eastern and Western 
gaps, the mouth of the Keating Channel and one location within 
the Inner Harbour. All locations monitored in 1975 to 1976 
are shown in Figure 1. In the east and west gaps, 
shore-mounted Schneider robot monitors housed in enclosed 



shelters were used. The robots measured temperature 
(+0.5°C), conductivity (+1%), dissolved oxygen (+0.1 mg/1) , 
pH (+0.05), and turbidity (+10%), and were supplied by pumps 
taking water from approximately the mid-depth of each canal 
(total water depth 9.4 m in the east and 8.3 m in the west 
gap) . A submerged pump was used in the east gap and a 
shore-mounted suction pump in the west gap. Although the 
effect of pumping may produce changes in the measured 
parameters, no tests were performed to detect this. A study 
in Fort Loudoin Reservoir, Tennessee (Larson, 1975) 
demonstrated a negligible effect of pumping at installations 
similar to those used in Toronto Harbour. The robot monitors 
have been described previously (Poulton and Palmer, 1973), 
except for the turbidity systems. These were Hach model 4 
surface-scatter turbidimeters, in which the turbidity is 
measured from the amount of light scattered by solid particles 
at the surface of a continuously flowing stream of water. The 
water is obtained from the same pump which supplies the main 
monitor . 

In addition to the robots, a Plessey MM4 self-contained 
submersible water quality meter was used in the east gap for 
three weeks in the fall of 1975. This unit measured the same 
parameters as the robots, recording them digitally on a 
magnetic tape cassette. Although the primary purpose of this 
experiment was verification of the MM4 meter operation, the 
unit also extended the time period of available data from this 
location. 

At the Keating Channel, one Schneider robot monitor which 
measured chloride (+5%) rather than turbidity was used. This 
unit was housed in the equipment room of the Cherry Street 
lift bridge and supplied by a submersible pump located next to 
the bridge abutment at mid-depth (total water depth 3.0 m) . 



Shipping considerations dictated location of the submersible 
pump intake within a few tenths of a meter of the wall of the 
lift bridge supports. Dye tests indicated good dispersion and 
mixing of the water in this location except within a few 
centimeters of the wall. 

Within the inner harbour, a NERA recording water quality 
meter, which employs submersible sensors and a buoy-mounted 
digital recording package, was used for two periods of about 
one week each at the west location (128) in 1975. 

Short-term (6 to 8 hours) runs with the NERA water quality 
monitor were made once each in 1975 and 1976 at Canada Malting 
and the Queen Elizabeth docks, and in 1976 only at the 
entrance to the Turning Basin channel. The purpose of these 
runs was to determine short-term variations of water quality 
in the vicinity of storm water outfalls. 

DATA ANALYSIS 

As done in previous studies (Poulton and Palmer, 1973), 
digital data were edited to remove false readings due to 
spurious signals and mispunched data. Time series techniques 
(Jenkins and Watts, 1968) were used to identify the principal 
periodicities in the data and establish cross-correlations 
with current measurements, and therefore provide some 
verification of data validity (such as by comparing measured 
periodicities with theoretically calculated values) . In order 
to obtain a more uniformly stationary data set for time-series 
analysis, the polynomial trend correction previously used has 
been replaced by a high-pass filtering technique described by 
Alavi and Jenkins (1965) . This filter produces an output 
series y as follows: 

m 
*t = - l A j X t+j {1) 



where x fc is the input (edited) data series 

m is a maximum number of filter weights 

\. are the filter weights defined as follows: 

A = 1 - X 



o m+1 , i 

A. = A . = fr (0.5 + 0.5 cos ±rr} 

3 -j m+1 m+1 

The total number of filter weights (2 m + 1) currently used is 
arbitrarily set between 11 and 25. Fewer filter weights 
produce more trend removal but sometimes place undue emphasis 
on a spectral peak at any given frequency. 

Variance density spectra obtained with the filtered time 
series were corrected by dividing by frequency response 
factors G(w) defined as follows (Alavi and Jenkins, 1965): 
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where w is the lag number (1 to n) 

n is the maximum number of lags 
Other terms as indicated for (1) 

RESULTS 

Summary statistics for all operating periods are presented in 
Table 1 for 1975 and Table 2 for 1976. Only results for which 
adequate calibration has been obtained are included. The two 
gaps and the inner harbour locations are characterized by low 
coefficients of variation (standard deviation/mean) for 
dissolved oxygen, pH and conductivity of the order of 2-5% 
during nearly all periods. Exceptions to this include the 
east gap dissolved oxygen and Queen Elizabeth docks 
conductivity in 1976. More will be said about the former, 



later; the latter indicates the effect of the Don River 
outfall on the northeastern part of the harbour. Dissolved 
oxygen averages were near saturation (86-110%) , pH averages 
around 8, and conductivity averages were 320 to 350 in most 
cases. During the fall of 1975, the conductivity at the west 
gap averaged 10 to 20 umho less than that at the east gap. 
This is commensurate with the general flow pattern, in to the 
inner harbour through the west gap and out through the east 
gap. Thus, west gap water more approximates the quality of 
open Lake Ontario water than east gap water. During 1976, 
however, it was not possible to detect a significant 
difference in conductivity between the two gaps because the 
west gap monitor produced only short periods of acceptable 
data before instrumentation difficulties resulted in monitor 
shutdown . 

The highly variable quality of the Don River water observed at 
the Keating Channel is in direct contrast to the above 
records, with coefficients of variation for conductivity 
ranging from 20 to 33% for the different periods. Within any 
one period of operation, daily means were observed to vary by 
a factor of almost 2, and daily coefficients of variation from 
less than 10% to almost 50% for conductivity. Examples of 
this are shown in Table 3 for the period beginning July 20, 
1976 (Julian date 76202). Except during periods of low DO, 
coefficients of variation for DO in the Keating Channel were 
less than those for conductivity (range 7 to 25% in Table 3). 
The highest daily coefficient of variation (55%) and the 
lowest daily mean percentage saturation (15%) occurred on 
August 17-18, 1976, on the last day of monitor operation. 
This low DO value was confirmed by Winkler titration. 

All chemical parameters were routinely tested for normal or 
log-normal distribution with time, using the Kolmogorov- 
Smirnov test (Poulton and Palmer, 1973). Similar to Hamilton 



Harbour findings in 1972-74, non-normal distributions were 
found (probabilities less than 0.1). A few exceptions are 
noted in Table 4. This reflects the effect of lake water 
levels on the processes at the gaps as well as the fact that 
one or two discharges to the Don River dominate the 
characteristics of the Keating Channel chemistry. Parametric 
statistical methods should also not be applied to the 
results. 

PERIODS OF UNUSUAL WATER QUALITY CONDITIONS 

Although water quality measured in the two gaps and the inner 
harbour was normally quite constant with time, a few periods 
did occur in the east gap in which water of degraded quality 
was observed. 

In Figure 2, conductivity figures for the east gap and Keating 
Channel are shown for December 6-7, 1975. This was the only 
time during the meter operations at which a high conductivity 
observed at the Keating Channel robot was followed by a high 
conductivity in the east gap; the correlation was degraded by 
the presence of a large number of invalid records at the east 
gap (Plessey MM4 water quality meter) which necessitated data 
interpolation. The increased conductivity at the Keating 
robot was accompanied by increased temperature and decreased 
dissolved oxygen and began 17 hours after a period of 
above-freezing temperatures which produced a maximum air 
temperature of 11.8°C. In addition, a period of rainfall 
occurred about 4 hours before the increased conductivity, with 
a total precipitation of 8.4 mm. As approximately 5 cm of 
snow fell in the period of December 1-4, this event indicates 
runoff of de-icing salt applied to the city streets in that 
period and its appearance at the east gap 12 to 24 hours later. 



Three instances during 1976 of degraded water in the east gap 
are shown in figures 3-5. The event of July 11 (Figure 4) 
coincided with a strong wind, maximum gusts 59 km/hr from WNW 
at 18.26 hr. Thus, harbour water may have been driven 
strongly past the monitor and sediment resuspended to give the 
turbidity peak. However, other maximum gusts were recorded by 
the Environment Canada weather station at Toronto Island 
Airport during the the periods of monitor operation and do not 
correlate with degraded water guality. Figure 5 represents a 
period of severe degradation with DO below 5 mg/1 and 
conductivity above 350 umho/cm for about 22 hr , However, no 
correlation of this event or the one shown in Figure 3 with 
meteorological data is evident. This may be evidence of 
unrecorded disturbances or discharges causing increases in 
oxygen demand and producing low-DO water which is then 
periodically emitted through the gap; however, more work such 
as profiling and reliable current meter results is needed to 
provide an adequate explanation. 

TIME SERIES ANALYSIS 

Autovariance density spectra were measured for all but the 
shortest intervals of record. Significant peaks at the 80 and 
95% confidence level are indicated in tables 5-8. Unlike the 
situation in Hamilton Harbour (Palmer and Poulton, 1976), the 
auto spectral peaks at any location varied considerably from 
one time period to another, and even tend to vary with the 
parameter measured. 

A vivid example of this is presented by the 1975 east gap 
results. Whereas turbidity (Figure 6) presents highly 
significant peaks and dissolved oxygen (mg/1) (Figure 7) 
presents no significant peaks between November 7 and December 
5, the opposite is true for October 24-November 7; the Plessey 
water quality meter, whose period of operation partially 
overlapped the second robot monitor period, showed some peaks 
in dissolved oxygen at the 80% level. 



As a consequence of these variabilities, analysis of these 
periodicities is virtually impossible. The free oscillation 
periods in hours for Lake Ontario as observed by the robot 
monitors in 1973-74 at the Burlington ship canal (Palmer and 
Poulton, 1976) are: 4.6 - 5.3; 3.2 - 3.4; 2.2 - 2.5; 1.95 - 
2.0; 1.65 - 1.75; 1.4 - 1.45; 1.2 and 1.0 hours, as well as 
the various periods shorter than one hour. Although these 
periods may explain some observed periodicities, as many 
periodicities of intermediate length (e.g. about 4 hours) are 
seen as periodicities of these lengths. 

Using the Merian equation for a symmetrical concave parabolic 
basin (Hutchinson, 1957, p. 304), estimates may be made for 
periodicities of transverse oscillation of Lake Ontario in the 
vicinity of Toronto. For a width of 47 km and a maximum depth 
of 125 m, the calculated periodicity of the primary 
oscillation is 0.83 hours. This may be represented by the 
eastern gap periodicities of either 0.73-0.78 hours or 
0.92-0.98 hours recorded in November 1975, or even the 1.0 
hour periodicity frequently seen, as the Merian equation 
yields only an approximation which may be modified 
considerably by the true lake geometry. 

An additional source of periodicities in Toronto Harbour is 
the Helmholtz resonance, which is a pumping mode of frequency 
lower than the natural harbour frequency observed in harbours 
with small openings to large water bodies. Freeman, Hamblin 
and Murty (1974) estimated the single-channel Helmholtz modes 
of Toronto Harbour to be 1.4 and 1.7 hours, and the 
double-channel mode to be 1.08 hours. Although the former 
periods are rarely observed in the robot data, periodicities 
of close to 1.08 hours are frequently seen, particularly at 
the Keating Channel. The same authors present a water-level 
periodicity of approximately 1.25 hours, which they consider 
caused by either open-lake seiches or the double-channel 
Helmholtz mode. This periodicity was observed for a number of 
parameters in the two gaps between November 7 and December 5, 



1975, but only rarely at other times and not at all in the 
Keating Channel or inner harbour. Aliasing of high-frequency 
harbour modes (see report on Toronto Harbour Numerical Model) 
could also contribute to the observed spectral peaks. 

The true purpose of spectral analysis is to provide some 
measure of data verification. The fact that consistent peaks 
were not found may simply be due to the observed very small 
variations in most data records, i.e. we may be attempting to 
analyse white noise. This may mean that instrumentation 
locations are not ideal for picking up complete variations or 
that variations in this area are not significant enough to 
produce regular periodicities. 

CROSS -CORRELATIONS 

Water chemistry as measured by the robots was cross-correlated 
with current meter data in the gaps and with Don River 
streamflow data measured at Todmorden for the Keating Channel 
robot. The statistical significance of the coherences was 
determined after Goodman (Panofsky and Brier, 1968, p. 158). 
Significant coherences are those of values greater than the 
calculated limiting level (e.g. Figure 8). The significant 
coherences and lag times are given in Table 9. No 
cross-correlations were performed on 1976 data due to the poor 
quality of current meter results obtained for that year. 

In the eastern gap, very few significant correlations with 
chemistry were found. This could be due to the very small 
variations in water chemistry combined with low velocities and 
short period flow reversals, which were frequently accompanied 
by cross-channel compass readings. 

Chemistry and currents were better correlated in the western 
gap, particularly turbidity and conductivity, despite the 
small observed variations in many chemistry parameters. A 
sample coherence spectrum for turbidity is shown in Figure 8. 
The results suggest that large amounts of turbidity are 



carried by the high currents, as have also been noted by 
visual observations. In the period November 7-12 used for 
numerical modelling (see report on Toronto Harbour Numerical 
Model) , the maximum cross-correlation between conductivity and 
currents indicated a lag of 3 hours in the time bases of the 
series, Although this was used in the model, other parameters 
showed different lags. 

Only a few significant coherences accompanied by variable lag 
times were found in the Keating Channel, probably due to the 
distance between the streamflow gauge and the monitor. A 
sample of the variations observed is shown in Figure 9, which 
shows conductivity for November 7-11. Two periods of 
increased flow showed opposite correlations with conductivity 
changes: a small increase in streamflow near the start of the 
record was followed by an increase in conductivity, while a 
large increase in streamflow on November 10, caused a large 
drop in conductivity a few hours later, as a large amount of 
rainfall-related runoff occurred. The runoff was observed a 
few hours after the peak rainfall (9.9 mm for 24 hr ending at 
0700 on November 10, as recorded by the Enivronment Canada 
weather station, 315 Bloor St. w.). The peak rainfall 
occurred between 0300 and 0400 on November 10 at Toronto 
International Airport (Environment Canada, personal commun.). 
As a result of the runoff-caused dilution, the conductivity 
remained between 400 and 500 umho/cm for most of the period 
November 12-20, despite the streamflow remaining below 3 
m s in this time period. 

Data from the Plessey submersible water quality meter operated 
in the east gap in 1975 was also cross-correlated with the 
robot monitor results at the same location, the latter sampled 
hourly to match the Plessey interval. The results, shown in 
Table 10, indicate a very good correlation for temperature and 
conductivity, but poorer for dissolved oxygen. The coherence 
spectrum for conductivity is shown in Figure 10. This 
indicates that the Plessey meter, whose performance had been 
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considered doubtful, was generating reasonable results for at 
least temperature and conductivity. The pH system of the 
Plessey gradually lost calibration during the operation 
period, and these data were discarded. 

EFFECT OF JENKINS FILTER ON SPECTRA AND CROSS -CORRELATIONS 

A brief comparison of the effect of the Jenkins filter on the 

time series analysis results is desirable as this represents a 

new method for trend removal. Temperature in the west gap for 

November 7-December 5, 1975 was chosen as a typical parameter 

which had a strong trend. Non-parametric tests (run test and 

trend test; Bendat and Piersol, 1966, Chapter 4) indicated the 

trend in this time series to be significant at the 98% level. 

The time series were binomially-smoothed with three weights 

before spectral analysis. Figure 11 shows the auto spectrum 

before application of the Jenkins filter; figures 12 and 13 

show the auto spectra with 25 and 11 weights, respectively, of 

the Jenkins filter. Without filtering, the variance is 

concentrated strongly near zero freguency; the Jenkins filters 

are more capable of resolving spectral peaks at low 

frequencies which are otherwise lost in the long-term trend 

effect, compared to the result obtained by the old method of 

polynomial trend correction. At high frequencies, the Jenkins 

filter also allows resolution of periodicities which would 

otherwise have contained too little variance to show up, for 

example, the several peaks at 80-95% confidence at periods 

_i 
below 2 hr (frequencies above 0.5 hr ) (see tables 5 to 7 

and figures 12 and 13) . 

In some cases, it is felt that a small number of weights may 
place too great an emphasis on a low-frequency peak, and 
changing the number of weights could change the significant 
periods. This is particularly true if there is no strong 
trend in the data. In this case, it is better to operate with 
a large number of weights (at least 25) in the Jenkins filter 
or not to use this filter at all. 
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For most cases in which highly significant cross-correlations 
are present, coherence spectra obtained from filtered series 
are virtually identical to those obtained without filtering; 
however, phase angles are frequently different. Except in the 
case of a very strong correlation, the cross-correlation 
coefficients are near zero and the location of any peak 
cross-correlation (which could indicate lag or lead between 
the two time series) is obscured. For these reasons, it is 
felt that future cross-correlations should only be done on 
edited data before smoothing or filtering of any kind, 
although auto spectra will be recalculated using filtered 
data. 

OPERATING PROBLEMS ENCOUNTERED WITH ROBOT MONITORS 

Some of the problems encountered with the robot monitors, such 
as calibration difficulties and digitizer failures, were 
similar to those observed at Corunna (Poulton and Palmer, 
1973). In addition, a few new problems occurred which were 
peculiar to the present installation. 

The east gap location generally presented the fewest 
problems. Occasional drift of the pH system and faulty 
calibration by newly-trained personnel produced questionable 
data in July-August 1976. Growths of Cladophora on the 
submersible pump resulted in partial clogging of the intake 
and reduced flow to the flow cells. This was particularly 
serious as difficulty was also encountered in maintaining 
adequate flow to the Hach turbidity system even at periods of 
full flow. However, observed periodicities appear to indicate 
adequate recording of the time variation of turbidity. 

Electronic problems with digitizer operation were most serious 
at the west gap location and resulted in severe curtailment of 
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data collected at this location in 1976. Despite cleaning of 
the mechanical relays, the system would not record data for 
more than four to seven days before producing large numbers of 
errors on the paper tape beyond the editing capability of the 
computer programs. On one occasion the punch system 
completely ceased for a 1-day period with complete data loss. 
Sprocket-hole tears in the paper tape necessitated repunching 
of most tapes from this location on a teletype machine before 
computer translation. In addition, power supply failure at 
the digital recorder in June 1976 delayed commencement of 1976 
operations at this location until July 7. It is hoped that 
modifications made to the digitizers of all three robots in 
May 1977 by Schneider Instrument Co. will alleviate this 
problem in the future. 

A broken pump diaphragm also occurred during 1976 at the west 
gap. Fortunately, this occurred while the installation was 
being serviced; had this not been so, serious pump damage 
could have occurred. At any rate, it emphasizes the need for 
adequate equipment maintenance. 

The worst problem at the Keating Channel was the quantity of 
suspended sediment carried by the river. Flow could be 
impeded within a day of cleaning,- on several occasions the 
system was clogged with mud, causing complete loss of data 
several times (the longest of which was one week in November 
1975). In addition, the sediment load caused fouling of the 
probes, in particular the dissolved oxygen probe. This 
produced low DO readings, as was evidenced by increases in the 
DO after cleaning the electrode on August 13, 1976 {2.5 to 4.3 
mg/1) and August 20 {1.5 to 4.4 mg/1) . A new flow cell with a 
self-cleaning system has since been acquired. This system 
will shoot detergent solution under pressure at the sensors at 
pre-selected time intervals. 
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Calibration problems were encountered with chloride and pH at 
the Keating Channel. The chloride system exhibited a 
non-linear response with concentrations, and it was necessary 
to use a calibration curve with this system. Even with the 
curve, errors of +10 mg/1 could occur from one calibration to 
the next, representing 7-10% of the average 100-150 mg/1 
concentrations observed. The pH system was troubled with 
complete loss of calibration accuracy, which did not improve 
even with flushing and refilling of the reference electrode on 
several occasions and replacement of the graph electrode. 
Both systems were rebuilt by Schneider Instrument Co. in May 
1977. 

DISCUSSION 

The monitoring program so far in Toronto Harbour has only been 
partly successful in terms of the desired objectives. It has 
indicated the low extent of variation with time observed in 
most chemical parameters in the gaps and inner harbour. 
Occasional instances of poor quality water in the east gap 
have been documented. One seemed to be related to 
meteorological conditions, one to a flow of poor quality water 
from the Keating Channel, and others had no obvious cause. By 
contrast the Keating Channel water was shown to exhibit highly 
variable quality, with some correlation to Don River flow. 

The average percentage data return was 85% at the east gap, 
45% at the west gap, and 75% at the Keating Channel. Except 
at the west gap, the data return was similar to that obtained 
from a monitor network in Wisconsin (75-84% for most 
parameters; Litwin and Joeres, 1974). Mainly due to current 
meter failures, only one time interval (November 7-12, 1975) 
produced a satisfactory input data set to the numerical 
model. This fact emphasizes again the difficulty of 
maintaining a recording meter installation of three pairs of 
chemistry and current meters all operating simultaneously and 
in proper calibration. 



The operation of complex water monitoring systems requires 
dedicated efforts by highly trained technical personnel 
together with a budget which permits the acquisition of 
equipment to provide a well-integrated system. Most of the 
present equipment is over six years old and is in need of 
updating or replacing. Various manufacturers have produced 
new monitor designs which reduce space and power requirements 
and offer telemetry of data to central recording stations. 
These systems possess the advantage of rapid detection of 
unusual water quality conditions. This system would be more 
reliable as equipment failures could be rapidly identified. 

At present, however, this system is expensive. Approximate 
costs of converting the present three monitor system to a 
telemetry system is $20-30,000. As most of this cost is for 
the central station, additional monitors (which could be 
anywhere in Ontario) would reduce the overall cost per monitor 
of the system. 
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TABLE 1 
Means and Standard Deviations of Water Chemiatry Data, Toronto Harbour, 1975 



Location 



Period of 
Operation 



# of Recording 
Readings Interval 
(min) 



Chloride 
mg/1 
Mean S.D. 



Temperature 

°C 
Mean S.D. 



Dissolved Oxygen Turbidity, FTU or pH Conductivity 
mg/1 % Sat. Redox pot., mv.* umho/cm 

Mean S.D. Mean S.D, Mean S.D. Mean S.D. Mean S.D. 



East Gap 


Oct 


24-Nov 7 


263 


60 


„ 


. 


11. 1 


1.1 


10.0 


0.3 


92 


3 


5.9 


5.0 


7.9 


0.2 


337 


6 




Nov 


7-Dec 5 


2010 


20 


- 


- 


8.1 


2.1 


10.3 


1.1 


86 


6 


8.3 


3.8 


8.0 


0.1 


338 


5 




**Nov 


24-Dec 16 


474 


60 


- 


- 


4.8 


1.3 


12.8 


0.3 


100 


3 


- 


- 


- 


- 


341 


15 


West Gap 


Oct 


30-Nov 7 


193 


60 


- 


- 


9.5 


0.3 


10.2 


0.3 


8Q 


6 


3.8 


2.9 


8.1 


0.1 


320 


3 




Nov 


7-Dec 5 


2000 


20 


~ 


- 


6.0 


1.9 


11.2 


0.5 


90 


3 


5.2 


3.5 


8.1 


0.1 


328 


9 


Keating Channel 


Oct 


31-Nov 7 


171 


60 


191 


53 


11.7 


1.7 


7.7 


1.8 


70 


14 


_ 


- 


7.9 


0.7 


608 


130 




Nov 


7 -Nov 20 


935 


20 


92 


>8 


10.4 


2.1 


7.1 


1.8 


63 


15 


- 


- 


7.9 


0.2 


509 


158 




Nov 


27-Dec 5 


573 


20 


- 


- 


5.2 


1.3 


11.0 


0.7 


86 


5 


- 


- 


7.7 


0.1 


530 


178 




Dec 


5-Dec 8 


80 


60 


- 


- 


4.5 


1.2 


11.3 


0.4 


87 


2 


- 


- 


7.7 


0.1 


691 


369 


Central Harbour 


Nov 


6-Nov 17 


481 


30 


- 


- 


9.1 


1.5 


11.2 


0.3 


97 


3 


23h* 


15* 


7.9 


0.1 


335 


6 




Nov 


21-Nov 27 


282 


30 


- 


- 


6.2 


0.5 


11.5 


0.2 


93 


2 


241* 


18* 


8.0 


0.1 


349 


5 


Canada Malting 


Nov 


13 (6 hr) 


36 


10 


- 


- 


9.6 


0.1 


10.5 


0.4 


92 


3 


156* 


9* 


8.1 


0.1 


300 


7 


Queen Elizabeth 






































Dock 


Nov 


24 (6 hr) 


184 


2 


~ 


— 


7.3 


0.1 


13.3 


0.5 


no 


5 


112* 


14* 


7.8 


0.1 


344 


4 



Note: 



**: Data obtained from Plessey submersible water quality meter. 



TABLE 2 
Means and Standard Deviations of Water Chemistry Data, Toronto Harbour, 1976 



Location 



Period of 
Operation 



# of Recording 
Readings Interval 
(min) 



Chloride 
mg/1 

Mean S.D. 



Temperature Dissolved Oxygen Turbidity, FTU or pH 

°C mg/1 % Sat. Redox pot., mv.* 

Mean S.D. Mean S.D. Mean S.D. Meah fa. P. Mean S.D. 



Conductivity 


umho/cm 


Mean 


S.D. 


334 


11 


333 


11 


327 


13 


331 


7 


334 


8 


337 


12 


348 


13 


503 


127 


596 


126 


658 


181 


487 


96 


456 


140 


673 


148 



East Gap 



West Gap 



Keating Channel 



Jun 17-Jun 28 768 

Jun 30-Jul 20 1406 

Jul 20-Aug 5 1156 

Aug 5-Aug 20 755 

Jul 7- Jul 13 361 

Jul 16-Jul 20 208 

Jul 21-Jul 29 553 



Jun 17-Jun 30 
Jun 30-Jul 6 
Jul 7-Jul 11 
Jul 12-Jul 20 
Jul 20 -Jul 30 
Aug 5-Aug 18 



951 
435 
291 
578 
722 
956 



20 

20 

20 

20 

20 
20 

20 

20 

20 

20 
20 
20 
20 



105 
128 
143 

100 

89 

152 



26 
2* 
46 
21 

35 



14.8 2.3 10.8 1.3 

12.6 2.1 11.1 1.1 

15.0 2.9 9.4 2.4 

17.2 1.1 9.0 1.1 

7.5 1.9 11.9 0.4 

6.8 0.5 12.2 0.4 

9.0 1.3 11.8 0.9 



16.9 

17.8 
17.2 
12.6 
14.1 
19.1 



2.5 
1.1 
2.6 
1.7 

3.0 

1.3 



6.3 
5.1 
4.1 
6.6 
8.0 
3.8 



1.8 
1.1 
2.0 
1.6 
1.9 
1.6 



107 

103 

91 

93 

99 
99 
98 

65 
51* 
42 
61 
76 

41 



11 
10 
23 
13 

b 

4 

10 

17 
12 
19 
14 

16 

17 



5.7 2.3 
5.4 2.4 

3.3 2.9 

3.8 1.8 

2.0 0.5 

2.4 2.3 
4.4 1.4 



8.5 0.3 



8.3 0.2 
8.3 0.2 
7.9 0.4 



7.5 0.2 



End of Turning 
Basin Channel 



Aug 31 (8 hr) 



4') 



10 



16.0 1.5 



8.2 0.2 



S.3 



269* 



8.1 0.1 



347 



Queen Elizabeth 

Docks Sep 1 (8 hr) 44 10 

Canada Malting Sep 2 (8 hr) 42 10 



15.3 1.0 7.8 0.4 77 2 202* 31* 8.0 0.1 456 88 
14.7 0.5 9.9 1.1 97 11 230* 13* 8.2 0.1 354 4 



TABLE 3 



KEATING CHANNEL ROBOT MQNITOR 



DAll* MEANS STARTING AT 13.00 HR ON GIVEN DATE 



OATF 




CL 


TEMPfCENTl 


D,0,(MG/L) 


0,0,(1!) 


TURB(JTU> 


PH 


COND(25 C) 


76202, 


MEAN 
ST OfV 


1 04.6H 

aa.RH 


1«,45 
2.2a 


5.67 
1 ,58 


59.41 
15,32 


0,0 
0,0 


0,0 
0,0 


476,00 
20O,«? 


76201, 


«EAN 
ST DFV 


61,37 
6,8b 


12.78 
2,56 


9,23 
1.12 


96,42 

8,09 


0,0 
0,0 


0,0 
0,0 


354,92 
20,19 


76204, 


*EAN 
ST DFv 


62,06 
10,37 


10,16 
1,40 


9,46 
0,66 


83,76 
5,66 


0,0 
0,0 


0,0 
0,0 


373,67 
31,17 


7620*5, 


ME AN 

ST DFV 


86,70 
16, 57 


12.75 

1.29 


7,89 


73,90 
9,22 


0,0 
0,0 


0,0 
0,0 


476,93 
70, ?7 


76206, 


*fc AN 
ST DEV 


79,55 
11,95 


11 ,81 
0,56 


8,53 

0,84 


78,56 
7,53 


0,0 
0,0 


0,0 
0,0 


419,89 
45,47 


76207, 


MEAN 
ST DEV 


106, R« 
25,9(j 


14,64 
1,34 


6,85 

1 ,5a 


66,72 
14,74 


0,0 
6,0 


0,0 
0,0 


541,39 
1 16,24 


7620*. 


MEAN 

ST DFV 


143,45 
49,97 


16, U9 
2,58 


5,7u 
1,77 


57,31 
14.75 


0,0 
o.o 


,0 
0,0 


661,42 
195,69 


76209, 


MEAN 
ST DEM 


7fl,05 
14,23 


13,9ft 
1.57 


9,74 

1,40 


93,78 
10,82 


0,0 

0,0 


0.0 

0,0 


426,06 
73,30 


76210, 


*fc An 
ST DEV 


79,26 
27,31 


13,33 
2,18 


8,67 


81 ,83 
10,62 


0,0 
0,0 


0,0 

0,0 


434,9a 
117,49 


7621 1, 


MEAN 

ST OEv 


85,69 
16,15 


16,15 
1 .89 


7,95 

1 ,08 


79,93 

7,8b 


0,0 
0,0 


0,0 
0,0 


399, 19 

40,(16 




GRAND MfcAN 
ST DEV 


88,76 
34, 9} 


14,0b 
2,08 


7,97 
! ,89 


76,17 

15,61 


0,0 

ft t o 


0,0 
0,0 


456,28 

140,05 



TABLE 4 

Non-zero Probabilities of Normal, or Log-normal 
Distribution Observed with Toronto Harbour 
Robot Monitors 



Location 



East Gap 



Dates 



Parameter 



Oct. 24-Nov. 7, Conductivity 
1975 



P robabilit y 
0.819 (L) 



Nov. 24-Dec. 16, DO (mg/1) 
1975 



0.317 (L) 



West Gap 



July 21-29, 1976 DO (% saturation) 



0.367 (N) 



Keating 
Channel 



Oct. 24-Nov. 7, Chloride 0.167 (N) 

1975 DO (% saturation) 0.184 (N) 



July 12-20, 
1976 



Chloride 



0.218 (L) 



Note: N = normal distribution 

L = log-normal distribution 



TABLE 5 



Significant Autospectra, East Gap 
80% Confidence 
(Per iods in hr .) 



Date 

Oct 24- 

Nov 7/75 


# Of 

Readings 
263 


Temperature 


Dissolve 
ma /l 


id oxygen 
% Sat. 


Tur bidi ty 


pH 


Cor 


duct ivity 


5 

2 


5* 
9* 


6.0 




8. 
5. 1 










2.3 


2 


.1 


2.5 


._ 


2.5 
6.9 

2.1 




6.5 
3.7 
2. 5 


Nov 7- 
Dec 5/75 


2010 


9.6 
2.9 
2. 3 






3.4 
2.1 


3.8* 

2.1* 






1.43 
1.26* 






1. 43 


1.26* 

1.09 


1.09 


* 








0.98 








0.92* 









Nov 2 4- 
Dec 16/75 
Plessey SWQ 


519 

M 




14.0 
7.2 

2.3 


3.4 




6.5 


Jun 18-30, 
1976 


768 


3.3* 

1.82* 
1. 03 






2.2* 
1.67 


4. 


Jun 30- 
Jul 20/76 


1406 


2. 2 
1.72 
1. 50 
1.19 


3.0 


4.4 

2.1 
1.55 


2.1* 
1.72 

1.24 


4. 1 
2.8* 

1.90 


Jul 20- 
Aug 5/76 


1156 


7.6 
4.1 
1.78* 
1.30 




1.67 
1. 30 

1.07 


6.7 
1.05 


1.07 


Aug 5-20, 
1976 


755 


2.2 

1.74 
1.00 




1. 00 


1.00 


1.74 



Note 



*95% confidence 



TABLE 6 



Date 



Significant Autospectra, West Gap 
80% Confidence 
(Periods in hrs) 

* of Dissolved Oxygen 

Readings Temperature m g/1 % Sat^ Tu rbidi ty 



pH Co nductivity 



Oct 30- 


263 












9.0 


Nov 7/75 






3.4 


3.0* 






Nov 7- 


2000 








8. 0* 




11* 


Dec 5/75 




2.7* 






3.6* 


3. 3 
2.7 


2.3 






1.62* 


1.78 


1. 72* 


1.78* 


1.84 








1. 27 




1.27 


1.33* 










1. 16 








1.21 


1. 19 






1.03* 






1. 07 












0.99* 


0.99* 


0.96 


0. 99 




Jul 7-13 


361 








8. 




" - 


1976 






4.6 

1. 88 
1.60 
1.23 

1.03 




4.0 

2.7* 
1. 78* 


3.2* 
1.64* 


4.6* 

1.64 
1.19 








0.86 




0.89 






Jul 21-29, 


553 


6.7 


5.0 


5.0* 




4. 


5. 


1976 




3.1 
1. 54 


1.60 


2.9 
1.60 




2.1 


3.1 






1.25 




1.03 


1.18 







Note: *95% confidence 



Date 

Oct 31- 
Nov 7/75 



TABLE 7 

Significant Autospectra, Keating Channel 
80% Confidence 
( Per iods in hrs ) 

# of Dissolved Oxygen 
Readings Chlor ide T emperature m g/1 % S at . pJH Condu ctivity 



171 



Nov 7-20, 935 
1975 



Jun 17-30, 951 
1976 



Jun 30- 

Jul 6/76 



435 



Jul 12-20, 578 

1976 

Jul 20-30, 722 
1976 



Aug 5-18, 956 
1976 



5.0 



2. 5 



3 . 5 
2.4 



11 



1.82 



2.3 

1. 52 
1.00 



1.18 



13 

5. 7 



3.3 

1.74 

1.05 



3.6 

1.08* 



1.08* 



2.3 

1.52 

1.00* 



1. 78 



1. 78* 



1.03 



1.03 



1.00 



1.08 



1.05 



1. 05* 



5.0 
2. 5 







3.6* 








3.6 






2.4 








2.4 


Nov 27- 


573 


12 










Dec 5/75 




5. 5 


4.3 


4.3 










3.2 






3.1* 


3.1 



2.3 



1.00 



1.68 
1.07* 



1.90 



1.03 



Note: *95% confidence. 



Date 




Nov 6- 


17, 


1975 




Nov 21 


-27 


1975 





TABLE 8 

Significant Autospectra 
Inner Harbour, West Location 

80% Confidence, Periods in hr. 

| of Dissolved Oxygen 
R eadings Temperature mg/ 1 % Sat. ORP Pj Conduct^ i ty. 



479 4.4* 4.0 4.0 5.3 4.4 3.7* 

3.2 3-4 

2.2 

280 4.3 4.3 4.3 3.8 

2.5 2.5 



Note: *95% Confidence 



1ABLE 9 

Significant Cross Correlations Between Chemistry and Currents 

Toronto Harbour, 1975 
95% significant coherences, periods in hr. 



Location 



Date 



Temperature 



Diss. Oxygen 

mg/1 % Sat. Turbidity pH Conductivity 



East Gap Oct 24- 


none 


none 


none 


none 


none 


8 


Nov 7 












(17.0L) 


-Along 














-Across 


none 


none 

( 


10.3 
3.8 
2.1 
-7.0L) 


none 


none 


8 
2.5 

(17.0L) 


East Gap Nov 7- 












-Along Nov 26 


none 


none 


none 


none 


none 


none 


-Across 


none 


none 


none 


none 


none 


none 


West Gap Oct 30 




9.0 


none 


6.6 


none 




-Across Nov 7 


3.4 










3.8 




(11. OL) 


(-17. 0L) 




(-2.0L) 




(-19. 0L) 


-Along 


none 


none 


none 


24.0 
5.5-6.0 

3.1 
(11. 0L) 


10.0 
(12.0L) 


24.0 

3.3 
(-8.0L) 


West Gap Nov 7- 














-Across Nov 12 


none 


0.80-0.83 
(-0.7L) 


none 


5.0-6.7 
1.8-2.0 

1.05 
(O.OL) 


none 


1.05 

(-3.0L) 


-Along 






none 


20 


10 


10-20 




4.0 


1.1 




5.0-6.7 
2.5-3.3 


1.1 
0.95-1.0 


1.7-1.8 




(+6.0L) 


(-5. 3L) 




(+3.36) 


(-6. 3L) 


(-3.0L) 


Keating 














Channel Oct 31- 


8.6 


none 




— 






Don River Nov 7 


6.0-6.7 












Streamflow 


3.5 










4.3 


(Tcdmorden) 


2.9 




2.7-2.9 




2.7 






(28.0L) 




(26.0L) 




(12.0L) 
none 


(27. 0L) 


Ibid Nov 7 


none 


none 


none 


4.7-5.3* 


16-40 


Nov 20 








(4.0L) 


none 


(9.0L) 


Ibid Nov 27 


4,3-4.6 


none 


3.5 


- 


none 


Dec 5 


(-27. OL) 




(28. 0L) 









Notes: "Along" and "Across" refer to oomponents of currents resolved along 
the channel axes. 

* Indicated period is for chloride. 

(L) indicates lag time in hours to maximum cross-correlation. Positive 
lag means that currents lag behind chemistry by indicated number of 
hours. 



I 
I 



TABLE 10 

Significant Cross-Correlations between Robot Monitor 
and Plessey Water Quality Meter 

Eastern Gap 
November 24 - December 5, 1975 

95% significant coherences, periods in hr. 





Dissolved Oxygen 




Temperature 


mg/1 


% Sat. 


Conductivity 


6.5-72.0 


24.0 




4.2-72.0 


4.0-5.5 


6.0 




3.8 




3.4 


3.4-4.0 


2.7-3.1 


Lag time to 








maximum cross- 








correlation (hr) -1 


-1 


• • • 


-1 




FIGURE I LOCATION OF WATER CHEMISTRY MONITOR SITES, TORONTO HARBOUR, 1975-76 
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FIGURE 4 

CONDUCTIVITY HND TURBIDITY RESULTS 
ERST GRP, JULY 1 I , 1976 
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WRTER CHEMISTRY RESULTS 
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FIGURE 6 

VARIANCE DENSITY SPECTRA FOR 
125902 FILTERED TURBIDITY 

nov 7 - dec 5, 1975 
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FIGURE 7 



VRRIRNCE DENSITY SPECTRA FOR 
125902 FILTERED D-0. ( MG/L ) 

nov 7 - dec 5, 1975 
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FIGURE 8 i COHERENCE SPECTRA BETWEEN TURBIDITY AND CURRENTS WESTERN GAP NOVEMBER 7 - \2 , 1975 



35 r- 
















- 


1000 




rA 












30 


\ A* \ CONDUCTIVITY 

V / l f l / » / 










900 


25 


vl 

• 






- 1 


8 00 

E 


1 

V) 

m 

E 20 








u 

700 | 

3. 
> 


* 


/ '. \ 






1- 


o 

_J 


1 \ 




' 


600 - 


u. 

S 15 


1 \ 






o 


< 


\ \ 






3 


kJ 

e 


■ 




\ \ 

V \ 




— 


500 § 

o 

o 


10 






\ \ 

\ \ 
\ 

\ 






400 








l 






5 






-\ 




* 




/"V 




\ 


S~ 




300 



IC 


/ ^N*^^ STREAMFLOW 


J 


1 1 


i 




?no 


1 1 1 1 1 1 1 




i t 


> 00 000 8 00 16 00 OOO 8 00 1600 000 


8-00 1600 


000 


800 16-00 00 


NOV. 7 NOV. 8 NOV. 9 


NOV. 10 




NOV. II 



FIGURE 9 RELATIONSHIP BETWEEN DON RIVER STREAMFLOW AND KEATING CHANNEL CONDUCTIVITY 
NOV. 7-11, 1975. 
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FIGURE 10 COHERENCE BETWEEN CONDUCTIVITY MEASURED BY PLESSEY SUBMERSIBLE WATER 
QUALITY METER AND SCHNEIDER ROBOT MONITOR, EAST GAP, NOV. 24 - DEC. 5 , 1975. 
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FIGURE 12 

VARIANCE DENSITY SPECTRA FOR 
126902 FILTERED TEMPERATORE 

nov 7 - dec 5, 1975; 25 filter weights 
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FIGURE 13 

VARIANCE DENSITY SPECTRA FOR 
126902 FILTERED TEMPERATURE 

NOV 7 - DEC 5, 1975, 11 FILTER WEIGHTS 




0.00 0-20 0-40 0,60 0-80 1-00 1-20 

FREQUENCY - HR**( -1 J 



